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INTRODUCTION 

A series or vanadium alloys containing tantalum in the ra~e from 
0.04 to l percent wa~ submitted to the Analytical Chemistr,y Branch of 
Watertown Arsenal Laboratories tor analysis. Since there was no infor
mation available for this determination, it was necessar7 to develop an 
analytical procedure tor determining tantalum in vanadium. 

Spectrographic determination or the tantalum was fir,t :onsidered, 
but the veey low spectral sensitivity of tantalum made this approach 
impractical. 

Photometric methods for the determination of tantalum employing 
~y~gallic acid,1 - 10 hJdrogen peroxide,1 l phe"7ltluorone,1 a cateohol, 1 ~ 
and methyl violet,1• and gravimetric methods involving hJdrolJsis, 15 • 18 

or precipitation with tannic acid,l? N-benzoyl-N-pheqylhydroxylamine,l•-ao 
phenylarsonic acid,a1 N-cinnamoyl-N-phenylhydroxyl&Mine and ci~lhydrox
ylamine acidaa have been reported. 

All of the gravimetric methods would require at le~st a double pre
cipitation in order to separate tantal.WI completelJ froa large amounts ot 
vanadium am, in 1110st cases, complete separation voul4 be extre•lT dit
ficult.1?-aa Moreover, ignition ot the preeipitate t~ the pentoxide 
would be required, in each case due to ita lack ot ciefini te co11posi tion or 
therlll&l stabUit7. Thus the accurate cietermination of low amunta ot 
tantalua vould not be feasible because ot the untawrable crarlmetric 
factor ot the pentoxide, i.e., 0.819. 

Of the photometric methods, onlJ the phenyltluorone method13 showed 
no interference due to vanadiUII when present in equal amounts with tan
talum. However, when the ratio of varwdiUJD to tantalUJil is greatly in
creased, interference due to vanadium is ver,y likel7 and a preliminar.r 
separation of these ela.ents would be necessar,r. Since the photometric 
measurements are made in a eydrotluoric -boric acid med.iua, etching ot the 
photometer cells could occur. 

Harz7a3 reported interference of vanadiWil in the mogallic acid 
method to result ir .. 100 percent error when the weight rat io ot vanadiWil 
pentoxide to tantalum was 100 to l. Kidman, et al,10 reported the inter
ference of 0.1 percent vanadium in steel to be equivalent to 0.04 percent 
tantalum. Thus a quantitative separation of these two elements prior to 
photometric measurement is necessary. 

A preliminary separation of the tantalUJil from the V3nadium w~1ld 
also be r equired prior to the use ot aqy ot the other photometr ic met hods. 
Of all the photometric methods, the pyrogallic acid met hod1 - 10 appeare1 
to be the most promising. The ~r.ethod had alre :1dy been employed by n 
l aboratory in the certificaticn analysis of a ~iational fur eau of St:.an~.-... rd::. 
high-te:npera ture alloy 3teel 19 -9DL, spectrograpn:!.~ :;t ar.dard ::o. 1134. In 
t hia work, t he ~e thcd of Hague ar.~ :~chlan~ e:nployins ion-excha~e ~epara
tic~s ~as applied . 
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Various means or sep3rstion were eonsidureds a ~r3vimetric procedure 
would require at least a double precipitation, with ~ome loss or tantalum 
likoly with ~ach treatment.18 Solvent extraction ot tantalum with methyl 
isobutyl ketone~3 -36 and with cyclohexanone' has been ~mployed to separate 
tantalum rrom columbium, uranium, zirconium and several other olements. 
However, no mention is made or tha behavior or vanadium. It was shown in 
this laboratory that vanadium is not extracted to any great extent by 
metl~l isobutrl katone under conditions siJnilar to those reported, a:~ -a& 
thereby indicating that a separation or tantalum from vanadium could very 
likely be achieved by this method. However, these extractions are made 
trom a hydrofluoric acid ~um, and since the only commercially available 
separator,y funnels are made from ~lass, this practice would not be prac
tical. Furthermore, some loss o£ tantalum in the methyl isobutyl ketone 
extraction procedure has been reported.36 Tributyl phosphate ha! also 
been employed tor the extraction o£ tantalum !rom a hydrofluoric acid 
solution~8 but vanadium wo1iLd also be extracted to a great extent ·tnder 
these conditions.a7 

Ion exc~e has been employed to separate tantalum prior to its 
determination.4

•
10

•
38

•
3

' Separation from titanium alloys containing up 
to 1.5 percent vanadium has been ac~omplished. by the ion-exchange pro
cedure recOJIIIIIended by the Panel on Methods o£ wlyais o£ the Matallur
gical Adviso1'7 Committee on Titanium38 and has been accepted aa a ten
tative methoci by the American Society tor Testing Materials.a• 

Faria,ao wrking with !Qdrotluoric acid solutions, showed the poa
aibUity ot separating tant.al.wl fro• vanadium by means or anion exchange. 
Kallmann, et al, 4 workilli vith titanium allo)'S containing up to 5 percent 
vanadium, used a nitric-Jvdrotluoric acid. mixture to separate all alloying 
elements, including columbiUIIl, fro• tantalum in a single step. This 
latter approach seemed to otter the best promise and was selected tor the 
tollo~ing reasons: 

1. Vanadium-tantalua allo711 are reaclilT diaeolved in mixtures or 
nitric and h1drofluaric acids. 

2. The separation troa colwabiua is desirable, especially at the 
1 percent tantalum level, since columbium does interfere, although only 
slightly, in the pyrogall1c acid. photometric method.10 

3. Tantalwais strongq adsorbed fro• the nitric-hydrofluoric acid 
mixture• whereas vanadiua shows only alight adsorption from hydrofluoric 
acid solutions30 and no adsorption £rom nitric acid aolutions.31 It is 
to be expected, therefore, that vanadium wUl be eluted along with 
columbium by the nitric-hydrotluaric acid mixture, while the tantalum 
remains on the resin. 

-1; -



Photometric ~ethod 

Man, variations in the pyrogallic acid photometric method !or tan
talum have appeared in the literature and various combinations o£ minersl 
acidc, complexing agents, and pyrogallic acid concentrstions hava be~n 
employed. Ditteren~ wavelengths tor absorbance measur~m~nts hav~ also 
been recommended. 

In general the method described by H.3gue and H.achl:m9 was employed 
for this work. These authors reco~nded that photometric measurements 
be made 10 minutes alter the addiUon or the p)'l·ogallic acid. Past ex
perience 1n this laboratory with this method has shown that on standing 
over a long period or time a s~ov but definite increase in absorbance 
occurs. Theodore, 35 working with somewhat ditferent conditions, found 
that a waiting period or JO minutes vas necessary for full color develop
ment. In view or these considerations, a study or absorbance readings 
versus time was made. An initial stud7 was made employing a solution 
contain1.nc 1 mg or tantalWil. A. subsequent series or measurell'.ents involved 
two solutiona which contained 0.1 q and 1 mg or tantalum, respectively. 
The r~sults are shown in Table I. 

'UN£ I 

ABSOIUWI:E READINGS VERSUS TIME 

Time after Addition or Absorbance 
Pyro~alllc Acid l mg Ta 0.1 mg Ta lm.; Ta 

s min - 0.18) 0.279 
10 min 0.287 0.186 0.28) 
20 min - 0.193 0.266 
JO min 0.297 0.193 0.291 
45 min - 0.197 0.293 
65 min 0.)03 0.203 0.299 
60 min 0.)06 0.205 0.)02 
Jhr - 0.210 -
4hr - - 0.)10 
5hr - 0.212 -
7hr - - 0.)10 

20 hr 0.)10 - -

The color stability stud7 or the tantalum-pyrosallic acid complex 
indicates a definite change in absorbance with ti~e. Ho~ever, this chanse 
is so slo~ that measure~~nts ~4de soon after t he acdi~ion cf t~e ~~~s3llic 
acid, if cor::pared ~ith standards r~ at -:~a .:;a:":e t::-:e, :;i":c·~ .!.d j-:.eld =- ~:::ul ':.J 
which are co:::par3ble "Aith thos:! obtair.ed by allc ioi i:: ~ ti":~ :: -:' lu~:on tiJ ..;tar:•J 
over~ht. 



4his ,.,.ls shown to be tru~ by measurin,; the color o£ thr~tt stand.nd 
tantalu1n solutions Pl't.!pat·~J with v.1ryin.J amounts ~Jf t.1ntslum p~ntorlde 
(as do3sct·ib~J in th~ appendL't) anJ t.,.o solutions of pure tantalu::t mtttal. 
The tr.da~uNmants wore ::1.1.ie l / 2 hour .:1ft~r aJJin:; thtl pyro~alllc acid and 
again aftdr ll!ttin~ th~m st.1nd ovet·ni;!ht. Rl!sults .1ra shown in T.1bla II. 

TABLE II 

EFFECT OF TD:E ON TAN'l'All'M RF.COVERY 

Tantalum Factor Tantalum 
Pres~)nt ( ~ Ta ) Found 

{mP- Absorbance absorbance (m~) 
Standard. 
Solutions 1/2 hr~~ 24 hr* 1/2 hr~~ 24 hr'~ 1/~ hr·:~ 24 hr* 

0.253 0.071 0.074 3.56 ).42 
0.505 0.143 0.147 ).54 ).44 
1.010 0.286 0.291 J.5J ).47 

average 3.54 3.44 
Tantalum 
Metal 

Solutions 
6.)) 0.2)8 0.245 8.4) 8.4) 
8.88 0.250 0.257 8.85 8.84 

~ime elapsed a!ter addition ot pyrogallic acid solution. 

Sine a 1 t is !!'.ore convenient to have a calibration curve which can be 
used over a period of time witt\ a given lot of reagents, rather than to 
prepare a standard calibration curve with eacn set of runs, it was decided 
that all solutions, a!ter development of the tantalum-pyrogallic acid 
color, should stand overnight prior to taking photometric measurements. 

EVA!l1ATION OF METHOD 

Since suitable standards were not available, the preparation ot syn
thetic standards was necessary in order to evaluate the proposed analytical 
procedure. These were prepared by dissolving weighed portions ot vanadium 
and tantalum metals in a . rl. tric -hydrofluoric acid mixture. These metals 
were the same as thnsP. used to prepare the alloys to be tested. 

Before proceeding with the preparation and analysis of the synthetic 
standards, the t~ntalum metal, claimed to be at least 99.5 percent pure, 
was ar.alyzed in order to ascertain its FUrity. Gravimetric and photometric 
methods .,.ere employed. The Gr3vimetric method involved ion-exchanse sep
aration and subsequent precipita~ion with c~pferron; th~ c~pferrate ~as 
i sni ~cd ':.o the }:ento:dde and -,;~ i.~h~r.i. T::e photor::etric rr:~tnod e!::ployin.; 
:::."':" :- .; :!l~~c :!c.!: t ·.-.::~~ • ;-::lir>d dir'"! ~ tl:.r ar.ri al:o ir.dircctl:r !'?llc ·.-11::~ 

• 
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precipitation with cupterron. Results are shown in Tabld III. Disra
garding the results obtained by the direct photometric :11athod, an avera~d 
ot 99.7 plrcent tant3lum was found. The results !'rom the dirt!ct photll
metric methud were sli&htly hi~h due to interference trom small amounts 
ot platinum trom the crucibles in which samples were dissolved.~G 

TABLE HI 

DEtERMINATION OF TANTAWM IN TANTAWM POWDER 

Sample Weight Ta Found Average 
Method (!112) ( !:) ( ~)· 

Ion exchange- 203.4 99.8 99.8 gravimetric 200.7 99.8 

10.88 9~.1 
ll.04 101.4 

Direct 8.)) 100.6 

Photometric* 8.88 lOO.S ::::oo.s 
8.91 100.7 
9 -.i) 101.1 
f·.9S 100.1 

Cupterron- 19.)0 99.S 
12.S9 99.) 99.S pnotometr1.c 10.57 99.8 

*~h results tTl87 be due to interference by plati.nuJil !rom the crucibles. 

The standard samples were added to conditioned ion-exchange columns 
and the vanadiwa eluted with a nitric-~rofluoric acid mixture. The 
nitric acid was then displaced b.r passing an amnonium chloride-hydrofluoric 
ar-id mixture through the columns. The nitric acid must be removed prior 
to the elution of the tantalWIL since nitric acid interferes in the pre
ci~itation or tantalum with cupterron. The eluates collected up to this 
point were discarded. 

The tantalum was eluted with an ammoniwa chloride-ammonium fluoride 
solution, precipitated from the eluates with cupferron, and determined by 
the pyrogallic acid photometric method. 

A detailed description of the procedure, including reagents and mate
rials used, is presented in the appendix. Results obtained on the syn
thetic samples are shown in Table IV. As can be seen, complete reco.,er.J 
o! the added tantalum was achie•red. Results on a series of actual all::>:r:J 
sut:::itted for a:1al;r3is are sho· . .;n in Table V. The <:l;q:ected or :-:o:nbal 
values agree ~ell ~ith t he values four.d. 

I 
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TABLE IV 

,•, ·:. ~ .vSIS OF SYNTHETIC SAHPU:S 

Wei11ht ot 
VanadiWI\ Ta .Added Ta Recovered D.niation 

Sample (g) ( %) ( %) (%) 

A 5.0 o.ooo 0.001 •0.001 
o.ooo o.ooo 

B s.o 0.046 o.o46 o.ooo 
0.046 o.ooo 

c s.o 0.052 u.OS3 +0.001 
0.053 +0.001 

D 2.0 0.788 a. 795 +0.007 
0.785 -o.003 

E 2.0 0.820 0.820 o.ooo 
0.805 -o.015 
ATerage DeTiation ~.003 

TABLE V 

ANALYSIS OF VANADIUM-TANTAWM .AIJ.OYS 

Ta Expected Ta Found 
Sam-ple · (%) (%) 

MR 804 o.so 0.800 
MR 805 0.40 0.393 
MR 806 0.12 0.131 
MR 807 o.6o o.6o6 
MR 808 0.24 0.252 
MR 810 0.16 0.163 
MR au 0.04 0.055 

cmcwsroN 

The ion exchan~e-photo~~tric r.~thod presented r~re for the analysis 
o£ tantalum in Yanadi~ is 3atis£actory with regard to conYer~er~3, ~c
cu:acy, ar.d preciJion. Detail.J of the method, as C.e ·r~loFed b t!"t!s :Jtudy, 
are gi":~n in tr.e apt:edix. 

- ·; -



APPF.~IDTX 

ION EXCllANuE-l'IDTO!-:ETRIC }fr:THOn FOR THE DE:'rOOUNATION 
OF 'rArrr~Hmt IN VANAilitl ~l 

~ope 

This roothod is applicable to samplos of vanadium alloys containing 
up to 20 ~ ot tantalum. It more than 20 II\; ot tantalwn is present in 
the sample taken tor tost, a tJravimetric finish b 1·ecommended. An upper 
limit of 40 11\ti ot tantalum is recommended to1· an ion-exchan.;o column 
prepared as doscribed in this report. 

Principle of the }tethod 

The sample is dissolved in a hydrofluoric-nitric acid solution an~. 
transferred to an anion-exchanJe column. Vanadium and alloying elements 
other than t3ntalum are removed with a hydrofluoric-nitric acid solution. 
Nitric acid is displaced with an ammoniuM chloride-hydrofluoric acid so
lution and the tantalum is then removed in a separate traction by elution 
with an ammonium chloride-ammonium fluoride solution. The tantalum is 
precipitated with cupterron in the presence of zhconium added as a 
carrier, and determined photometrically vith pyrogallic acid. 

Interferences 

Provision has been Made tor the removal or all interfering elements. 

Concentration Range 

The sample size should be adjusted to contain between 0.1 mg and 
20 mg or tantalum. 

Apparatus 

l. Ion-Exchange Column. - The column, constructed or polystyrene, is 
approximately 12 inches in length and 1/2 inch in inside diameter. The 
bottom of the column is closed with a rubber stopper with J/16-inch hole 
into which is inserted a )-inch length or polyethylene tubing of J/ 16-inch 
outside diameter and l/16-inch bore. This tubing i s connected to a short 
length of Ty&on R tubing to which is attached a hosecock to control the 
flow throu~h the column. 

2. Beckman Model B Spectrophotometer. 

Rear,ent.s 

1. 1\1TU11onium Chloride Solution ( 2LO .; per 11 t cr). - Di:lnol vc L80 ;:; 
of aiTU11onium chlorid<! ( NH4 Cl) in 16o0 rnl. of 01ate r and dilut P. tc 2 liters. 
Filter t o r~rr.o ve in:.olublc rr..1tcdal. This :10lution 13 u:;P.ri .:t:J a :J t oc!o{ 
:;elution in prcparir.~ solutionJ 2 and ). 

2. ,\;r:.oniu:ll Chlor i1~ -..\rr:~o '1 i'.l::'\ :'lt;or i 1ic 3olutlor.. - ,\·l·! ':.o 1 ?- .:tsti.: 
bottle r~CJ r. t o~· :1:1 4Cl .:; olu ~icn .1r.:i 1.0 r:1l 0f Ef . .',rlju:;t t ::n .: :~ lu:. :.. :) n 



to a pH ol.' 5 to 6 •<~ith ~il4 011 (approxiu:at<'l~· , · :.u \.l'; :al will b~ Nquin~J) 
.:u:J Jilut~ tv 1 l!.t\!1' 1~ith 1~at~r. Th!.:l :; ..>l~t.iull , , ;~t:Jt b~ P'\!f3l'cJ c.ll'~
fully uith re,;u.i ~o pil a,\justlllent. 

J. 1\11unvniu:n Chlol'iJ~J -llyd1·ol'luol'ic Add ~\ll\t ti\ln. - :'1·ans1'~!1' 600 ml 
ot' tllo NH4Cl solution and 40 ml ot' l!lo' to a plastic bvt.tl~! ~nJ. Jilutll to 
1 l.itor with ...,ater. 

4. A11unonium O:ulat~!•AtrJnonium Citrate Solution. - A.i.i 2~ ml ot' 112 504 
to 975 ml ot watar anJ mix wall. AJd 4C .; ot anunonium oxdata monohyl.in ttt 
((NH4 ) 1 C2 04 .rf:,O) and 50 Jot diat•unoniuul citnte ((NH.,)2 11C.,~(\.) and wartn 
on steam batn to dissolve the salts. Filtar throu.;n a dry filter papdr. 

5. Cupterron Solution (6o g par liter). -Dissolve 6 s ot cupfarron 
in 90 ml of water, dilute to 100 ml, and filter through a dry filter pap~r. 
Prepare as needed and keep cool (5 C). 

6. Cupterron ~·lash Solution. - Add 25 ml ot the cupferron solution 
to 975 ml or cold (5 C) P~l (1:19). Prepare as needed. 

7. Ion-E..~h&nt;e Re::~in. - Dowex lX-10, strongly 'basic anian-excha~e 
resin, ~00- to ~00-mesh, chloride for~. Air-dry the resin as receiv~d 
and pass that traction whicn is retained on a No. 270 sieY~ through a 
No. 180 sieve. Prepare a suspension or the 180-to 27C>-.IIesh resin in 11:1 
(1119), allow the coarser traction to settle 10 to 15 miDutea, and remove 
the tines by decantation. Repeat the process several tbles untU most ot 
the very tine uterial has been removed and discarded. 

8. Nitric-H7dJ"otluoric Acid Mixture. - Transrer 700 al or water, 
100 ml or HN03 , and 100 ml or HF to a plastic bottle and dilute to 1 liter 
with water. 

9. Pyrogallic Acid Solution (200 g per liter). -Dissolve 200 g of 
pyrogallic acid in 800 ml of the ammonium oxalate-ammoniU2 citra~e solu
tion, dilute to 1 liter with the same solution, and trans!er to a glass
stoppered bottle. Discard wnen blank photometric readin6 becomes 
excessive . 

10. Standard Tantalum Jolution (1 ml • 0.125 mg Ta). - Transfer 
0.0)05 g of tantalum pentoxide to a platinum crucible. Add 1 g or potas
sium pyrosul!ate and ruse the oxide over a medium !la=e until a clear 
melt is obtained. Leach the ~ooled melt in 75 ml or var.a ammonium 
oxalate-ammonium citrate solution, stirrin5 continuousl7 until the melt is 
dissolved. Transter the cooled solution to a 200-ml vol~~tric tlask and 
dilute to volume vith ammonium oxalate-ammonium citrate solution. 

11. Zirconium Sulfate Solution (1 ml • approximatelf l ~1 Zr). -
Dissolve h so! zirconi\lm sulfate tetrahydrate (Zr(S0,)2 .~~0) in 100 ml 
of 112 504 ( 1:19). Transfer t o a 1-litcr ·:olurr.etric fla sk and dilute to 
volume with if::!S04 (1 :1') ). 

Pr·~ £·lr<l t.io:t of Ion-r:xch<ln. :~ Column 

Cover t::c bot.tom of ~ ::n ion-~xcha~,::~ colu::-~'1 ;.;ith 1 l .J ;,·~ r of Jc i J
r " :.;i :;t .. 1::t ·:i::j·l c r.lo rid"! ;:la:; ~.ic ·.;col, 1/ l. - t o J/i3 - i:-.::: .'1 ·.~. !.ck . A,!d tr:e 

-liJ -



resin suspension in s1na!l po1•t.ions to uDt.ain a settll3d clllull\1\ ot the 
resin 4-l/2 inchea high. Wash the col\lJT\1'1 with 25 ml ot HN03 (1&9) and then 
run through three elution cycles with alternate additions or lS ml or HCl 
(Jal) and HCl (1&9) until the rema-inder ot tho tinea have been removed. 
The t1nal wash should be with t£1 (1&3). ·wnen not in uae, the colUM 
should be filled with HCl (l&)) to a level abov• the resin bed. 

Procedure 

l. Weiah a portion or the auple containing no more than 20 111g or 
tantalWil and. transter to a conrad Tetlon beaker. Add 10 ml or HF and 
then add 10-lS ml ot HNO~ in small incrementa, allowing the reaction to 
subside somewhat between the additions ot the HN03 • Heat the solution to 
insure complete dissolution ot the sample. Rinse the cover and aides ot 
beaker with water and dilute to approximately 75 ml. 

2. Condition the ion-exchange column by passing 20 1111 ot the nitric
~ofluoric acid mixture in S-Ill portions through the resin into a plas
tic beaker. 

). Transfer the sample solution to the column in increMDta with 
the hosecock open and allow the solution to pass throuch into the plastic 
beaker. When aU the suple solution has been tranaterncl, allow the 
liquid to drain to the ·top ot the nai.D becl. Waah the beaker ud tbe 
colwm abon the resin bed with 3 to S 111 ot tha nitric-hJdrotluoric acid 
a1zture. Allow the liquid to drain aa before and repeat the washinc tvo 
JIDre M.a. 

4. Elute whe reMiJd nc nadiua bT passing another )0 Ill ot the 
nitric-h1drotluoric acid Jd.xture through the colwan. Allow the solution 
to drain and wash the colwan with 3 to S Ill ot the uaoniWI chlc.ride
eydrotluoric acid solution. Repeat the washing ot the colW!111 two JI'W:)re 
tiJ!IIIIs 1 allowing the colWIIft to drain compl.etel7. Paaa )0 1111 ot the u
J'IIOniWI chlor1de-J11drotluoric acid solution through the colwan and drain 
completel7. Diacarcl thia eluate, which contains the vanadiua and. nitric 
acid. · 

S. Place a clean, 10041. plastic beaker or bottle beneath the colWIIIl. 
Waah the column abon the reain three times with 5-1111 portions or the 
...,niua chloride-111110niua tluoride solution, allowing the solution to 
drain attar each addition. Pass 60 ml ot thia solution through the column 
and reserve this eluate tor the determination or tantalum. 

6. Clean the column by paaaing )0 ml ot HCl (ls)) through the resin 
in S-ml increments, draining the column after each addition. Thia prepares 
the column for t-he next s8Mple. 

7. Transfer the tantalum-bearing eluate to a 250-ml Pyrex beaker 
containing 1.5 & of boric acid, rinsing the plastic beaker thoroughly. 
Add 20 nl or the :irconiu~ sulfate solution and 20 m1 or HCl. Heat to 
dissolve the boric acid, then cool to 5 C. 

8. Pr~pare 3 blank b7 addi~1 20 ml of the zirconi~~ ~Jlfate 3olution 
to ·1 250-rnl b?a~~r containir.; 1.5 g of boric c;ci:i . Add 20 ::tl of HCl , b at 

, , --· -



to dissolve the boric acid, and cool to 5 c. Carey trus bbnK along with 
the sample through the remaining steps of the procedure. 

9. Add slowly, with continuous stirring, 20 ml of cold cupferron 
solution. Add paper pulp, stir well and allow to stand for 10 to 15 
minutes at S c. 

10. Filter through a Whatman No. 42 paper containing sou paper 
pulp and wash well with the cupferron wash solution. Transfer the paper 
and precipitate to a platinw~ crucible and ignite at a low temperature 
(SOO to SSO C). 

Note. - It the sample contains more than 20 mg of tantalum, the de
termination can be completed gravimetrically at this point by i~niting 
the cupferron precipitate in a weighed platinum crucible at 1100 c. In 
this case, the addition ot the zirconium sulfate solution in step 7 is 
not necessar,y. The factor for converting the Ta201 to Ta is 0.819. 

11. Fuse the mixed oxides with l g or potaasiwa mosultate over a 
medium flame. leach the cooled melt in 25 to .30 ml or warm ammonium 
oxalate-ammoniwa citrate solution. Stir continuously while dissolving 
the melt to prevent a localized high concentration or tantalua and con
se~ent hydrolytic precipitation. 

12. Tranater the solution to a so- or 100-tU volUMtric flask, de
pending upon the uount o1' tantalua expected, and. clU.ute to volume with 
the U11110niwl oxalate......,niull citrate solution. Tranater exactly 2S.O Ill 
ot the wrogall1c acid solution to a SO-till volWIIetric tlaak. Add a 
suitable aliquot o1' the sample eolution, not to exceed 1 mg ot tantalum, 
and llix well. 

1.3. Dilute to volwne with the IJIIIIOniua oxalaw-a1111110nium citrate 
solution, mix well, and allow to stand overnight. Measure the absorbance 
of the test solution and the blank solution versus water at 400 ~using 
1-cm cells. Correct the absorbance reading o1' the teat solution by sub
tracting that obtained tor the blank. 

Preparation of Calibration Curve 
To tour SO-ml volumetric 1'laaka, add exactly 25.0 ml o1' pyrogallic 

acid solution. To three ot these 1'laaka, add 2.0, s.o, and 10.0 ml ot 
the standard tantalwa solution (1 ml • 0.125 mg Ta) and carry the fourth 
flask along as a re•gent blank. Dilute to volume with thu ammonium 
oxalate-ammoni~citrate solution, mix well, and let stand overnight. 
Read the solutions at 400 ~ versus water. Correct tor the reagent blank 
and plot the absorbance values versus milligrams ot tant~lum. 

Calculation 
Convert the absorption reading of the sample solution to milligra~s 

'>f tantalu::t by me1ns of the calibration cur·1e. Calculate the percentage 
.Jf tant~llwn as follows: 

-12-



• A T3ntalum, porcant • -a- x 100 

A • milli~r3ms ot tantalum !rom calibration curve, and 

B • milli~r~~ oi sample in aliquot taken. 

-lJ-
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